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(57) Disclosed herein are a polymeric phosphores- 
cent agent containing a structural unit represented by 
the following general formula (1): 



General formula (1) 




wherein M is a metal atom having a valence of 2 to 4 ; 
each of R 1 and R 2 is, independently, a monovalent sub- 
stituent selected from a hydrogen atom, halogen atoms, 
alkyl groups and aryl groups, L is an organic ligand, each 
of m and n is, independently, an integer of 1 to 3. and p 
is an integer of 1 to 4, in its molecule and having a mo- 
lecular weight of at least 500, production process there- 
of, and a luminescent composition containing such a 
compound and applied products thereof. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a polymeric 
phosphorescent agent and a production process there- 
of, and a luminescent composition and applied products 
thereof, and particularly to a polymeric phosphorescent 
agent suitably usable as a material for an organic elec- 
troluminescence device produced by an ink-jet method 
and a production process thereof, and a luminescent 
composition containing this polymeric phosphorescent 
agent and applied products thereof. 

BACKGROUND ART 

[0002] An organic electroluminescence device (here- 
inafter also referred to as "organic EL device") is expect- 
ed to be a display device of the coming generation be- 
cause it has such excellent properties as can be formed 
into a thin structure, driven by a direct current voltage, 
is wide in angle of visibility and high in visibility because 
it is a self-luminescent device, and fast in speed of re- 
sponse, and the researches thereof are actively con- 
ducted. 

[0003] As such organic EL devices, have been known 
those of a single-layer structure that a luminescent layer 
composed of an organic material is formed between an 
anode and a cathode and those of a multi-layer structure 
such as those of a structure having a hole-transporting 
layer between an anode and a luminescent layer and 
those having an electron-transporting layer between a 
cathode and a luminescent layer. These organic EL de- 
vices all emit light by recombination of an electron in- 
jected from the cathode with a hole injected from the 
anode at the luminescent layer. 
[0004] In such an organic EL device, as methods of 
forming an organic material layer such as a luminescent 
layer or hole-transporting layer, have been known a dry 
method that the organic material layer is formed by vac- 
uum deposition of organic material and a wet method 
that the organic material layer is formed by applying a 
solution with the organic material dissolved therein and 
drying it. Of these, the dry method is difficult to meet 
mass production because the process thereof is com- 
plicated. In addition, there is a limit to the formation of a 
layer having a large area. On the contrary, the wet meth- 
od is advantageous compared with the dry method in 
that the process is relatively simple, and so the method 
can meet mass production, and an organic material lay- 
er having a large area can be formed with ease and high 
precision by, for example, an ink-jet method. 
[0005] On the other hand, the organic material layer 
making up the organic EL device is required to have high 
luminance and luminous efficiency. Those composed of 
various materials have heretofore been known, and an 
organic material layer containing a phosphorescent or- 
ganoiridium compound or organoosmium compound as 



a luminescent molecule has recently been proposed 
(WO 00/70655). This organic material layer is com- 
posed of the low molecular organoiridium compound or 
organoosmium compound alone or of such acompound 
5 and a hole-transporting material such as4,4'-N,N'-dicar- 
bazole biphenyl or 4,4'-bis[N-(1-naphthyl)-N-phe- 
nylamino]biphenyl. 

[0006] Further, in MRS 2000 Fall Meeting (November 
27-December 1, 2000, Boston, Massachusetts, USA), 

10 a luminescent material composed of a low-molecular 
iridium compound, polyvinylcarbazole and oxadiazole 
has been proposed. However, both materials do not sat- 
isfy sufficient performance in luminance and luminous 
efficiency when a luminescent layer is formed from them 

15 by a wet method such as an ink-jet method. 

DISCLOSURE OF THE INVENTION 

[Problems to be solved by the Invention] 

[0007] The present invention has been made on the 
basis of the foregoing circumstances. 
[0008] It is the first object of the present invention to 
provide a polymeric phosphorescent agent by which a 
luminescent layer can be easily formed by a wet method 
such as an ink-jet method, and an organic electrolumi- 
nescence device having high luminance can be provid- 
ed. 

[0009] The second object of the present invention is 
to provide a process for producing a polymeric phospho- 
rescent agent by which a luminescent layer can be eas- 
ily formed by a wet method such as an ink-jet method, 
and an organic electroluminescence device having high 
luminance can be provided. 

[0010] The third object of the present invention is to 
provide a luminescent composition by which an organic 
electroluminescence device high in both luminance and 
luminous efficiency is provided. 

[001 1] The fourth object of the present invention is to 
provide an organic electroluminescence device high in 
both luminance and luminous efficiency. 

[Means for solving the Problems] 

[0012] According to the present invention, there is 
provided a polymeric phosphorescent agent comprising 
astructural unit represented bythefollowing general for- 
mula (1): 
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General formula (1) 




10 



wherein M is a metal atom having a valence of 2 to 4, 
each of R 1 and R 2 is, independently, a monovalent sub- 15 
stituent selected from a hydrogen atom, halogen atoms, 
alkyl groups and aryl groups, L is an organic ligand, each 
of m and n is, independently, an integer of 1 to 3, and p 
is an integer of 1 to 4, in its molecule and having a mo- 
lecular weight of at least 500. 20 
[0013] The polymeric phosphorescent agent accord- 
ing to the present invention may preferably have a mo- 
lecular weight of 500 to 50,000. 

[0014] In the polymeric phosphorescent agent ac- 
cording to the present invention, M indicating the metal 25 
atom in the general formula (1) may be a metal atom 
selected from the group consisting of Pd, Pt, Rh, Ir, Ru, 
Os and Re. 

[0015] According to the present invention, there is 
provided a process for producing the polymeric phos- 30 
phorescent agent described above, which comprises re- 
acting a polymer having a structural unit represented by 
the following general formula (2): 

35 

General formula (2) 




40 



wherein each of R 1 and R 2 is, independently, a mono- 
valent substituent selected from a hydrogen atom, hal- 
ogen atoms, alkyl groups and aryl groups, and each of 
m and n is, independently, an integer of 1 to 3, in its 
molecule with a metal complex. 50 
[0016] In the production process of the polymeric 
phosphorescent agent according to the present inven- 
tion, the metal complex may be a mononuclear complex 
represented by the following general formula (3): 

55 

General formula (3) 



M x (L) y (Q) z 

wherein M is a metal atom having a valence of 2 to 4. L 
is an organic ligand, Q is a ligand, the whole or part of 
which is left by the reaction with the polymer containing 
the structural unit represented by the general formula 
(2) in its molecule, x is an integer of 1 to 4. and each of 
y and z is, independently, an integer of 0 to 8. 
[0017] In the polymeric phosphorescent agent ac- 
cording to the present invention, the polymer having the 
structural unit represented by the general formula (2) in 
its molecule may be obtained by condensation of a py- 
ridine derivative having 2 leaving groups in the presence 
of a transition metal catalyst and an organic solvent. 
[0018] According to the present invention, there is 
provided a luminescent composition comprising the pol- 
ymeric phosphorescent agent described above, a hole- 
transporting polymer and an organic solvent. 
[0019] In the luminescent composition according to 
the present invention, the hole-transporting polymer 
may be a copolymer of N-vinylcarbazole and a vinyl- 
substituted 1-oxa-3,4-diazole compound. 
[0020] The luminescent composition according to the 
present invention may be suitable for use in an organic 
electroluminescence device. 

[0021] According to the present invention, there is 
provided an organic electroluminescence device com- 
prising at least an anode layer, a luminescent layer ob- 
tained from a material containing the polymeric phos- 
phorescent agent described above and a cathode layer. 
[0022] The organic electroluminescence device ac- 
cording to the present invention may be obtained by 
laminating the anode layer, a hole-transporting layer, a 
copper phthalocyanine layer and the luminescent layer 
in this order. 

[0023] The organic electroluminescence device ac- 
cording to the present invention may have a luminescent 
layer composed of the luminescent composition de- 
scribed above. 

[0024] According to the present invention, there is 
provided an organic electroluminescence device ob- 
tained through a step of forming a luminescent layer by 
applying the luminescent composition described above 
to a surface of a substrate, on which the luminescent 
layer should be formed, and subjecting the applied com- 
position to a heating treatment. 

[Mode for Carrying out the Invention] 

[0025] The present invention will hereinafter be de- 
scribed in detail. 

[0026] The polymeric phosphorescent agent accord- 
ing to the present invention comprises an ortho-metal- 
lation type metal complex structural unit represented by 
the general formula (1) in its molecule. 
[0027] The ortho-metallation type metal complex 
structural unit is contained at a terminal or in a main 
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chain of a molecule of the polymeric phosphorescent 
agent, and may be contained both at the terminal and 
in the main chain. 

[0028] The molecular weight of the polymeric phos- 
phorescent agent according to the present invention is 
at least 500, preferably 500 to 50,000, particularly pref- 
erably 1 .000 to 30,000 as determined as a weight aver- 
age molecular weight in terms of polystyrene by means 
of analysis by gel permeation chromatography (herein- 
after abbreviated as "GPC"). 

[0029] If the weight average molecular weight is lower 
than 500 or exceeds 50,000, it is not preferable since 
the coating property of such a phosphorescent agent is 
deteriorated. 

[0030] In the general formula (1), M is a metal atom 
having a valence of 2 to 4. More specifically, M is a metal 
atom selected from the group consisting of Pd, Pt, Rh, 
Ir, Ru, Os and Re. Among these metal atoms, Ir, Os and 
Pt are preferred. 

[0031] Each of R 1 and R 2 is, independently a mono- 
valent substituent selected from a hydrogen atom, hal- 
ogen atoms, alkyl groups and aryl groups and may be 
the same or different from each other. 
[0032] The halogen atoms in R 1 and R 2 include chlo- 
rine and fluorine atoms. 

[0033] The alkyl groups in R 1 and R 2 include linear, 
branched or cyclic hydrocarbon groups having 1 to 12 
carbon atoms. 

[0034] The aryl groups in R 1 and R 2 include aromatic 
rings having 4 to 14 carbon atoms and monovalent or- 
ganic groups derived from hetero-atom-containing un- 
saturated cyclic compounds. 

[0035] As specific examples of the alkyl groups, may 
be mentioned methyl, ethyl, propyl, butyl, hexyl, octyl 
and dodecyl groups. 

[0036] As specific examples of the aryl groups, may 
be mentioned phenyl, naphthyl, anthracenyl and biphe- 
nyl groups. 

[0037] As specific examples of the hetero-atom-con- 
taining unsaturated cyclic compounds, may be men- 
tioned thiophene, pyrrole, fu ran, pyridine, pyrimidine, tri- 
azine, oxazoline and oxadiazole. 
[0038] L is an organic ligand and selected from organ- 
ic compounds having coordination property to the metal 
atom M. 

[0039] Each of m and n is, independently, an integer 
of 1 to 3, and p is an integer of 1 to 4. These m, n and 
p are each selected in such a manner that it satisfies a 
stable coordination number in the relation with the va- 
lence of the metal atom M and the structural unit of the 
general formula (1) has a neutral complex structure. 
[0040] With respect to the relationship between the 
valence of the metal atom M and the number p of the 
organic ligands L, the number of outermost shell elec- 
trons in the metal atom is selected so as to amount to 
1 6 or 1 8, and p is selected so as to amount to 1 to 4. 
[0041] As specific examples of the organic ligand, 
may be mentioned monodentate organic ligands such 



as trialkylamines, triarylamines, pyridine, quinoline, ox- 
azole, trialkylphosphines and triarylphosphines, mono- 
valent organic ligands, such as alkoxides such as meth- 
oxides, t-butoxides and phenoxides, and carboxylates 

5 such as acetates and t r if luoro acetates, di dentate or still 
higher organic ligands, such as acetylacetone, hex- 
afluoroacetylacetone, p-diketones such as 5,5-dime- 
thyl-2,4-hexadione, diamines such as ethylenediamine 
and dipyridyl, 9-hydroxyquinoline, picolinic acid, and 

10 salicylic acid, and low-molecular phenylpyridine deriva- 
tives having a structural unit of the general formula (2). 
[0042] These organic ligands may be used either sin- 
gly or in any combination thereof. 
[0043] Among these organic ligands, the phenylpyri- 

15 dine derivatives tend to cause dehydration by a reaction 
of a hydrogen atom located at an ortho-position to the 
bonding site with the pyridine ring on the phenyl group 
with a metal atom. As a result, they act as an ortho-met- 
allation type chelating agent that the carbon atom at the 

20 ortho-position on the phenyl group is coordinated with 
the metal atom by a o-bond, and at the same time, the 
nitrogen atom on the pyridine ring is coordinated with 
the metal atom. Therefore, they are preferably intro- 
duced for the purpose of stabilizing the resulting poly- 
ps meric phosphorescent agent and atthesametime, con- 
trolling wavelength and intensity of phosphorescence. 
[0044] As specific examples of the phenylpyridine de- 
rivatives, may be mentioned 2-phenylpyridine ; 2-biphe- 
nylpyridine, 2-(2,6-dimethylphenyl)phenylpyridine, 2- 

30 phenyl-4-(N,N-dimethylamino)pyridine, 2-phenyl-4-pyr- 
rolidinopyridine, 2-phenyl-4-(N,N-diphenylamino)pyrid- 
ine, phenyl-4-methylpyridine, 2-phenyl-4,6-dimethylpy- 
ridine, 2-(2-fluorophenyl)pyridine ; 2-(2,4-difluorophe- 
nyl)pyridine : 2-(2,3,4-trifluorophenyl)pyridine, 2-(2,3,4, 

35 5-tetrafluorophenyl)pyridine, 2-phenyl-4-methylpyrid- 
ine, 2-(2-fluorophenyl)-4-methylpyridine, 2-(2,4-difluor- 
ophenyl)-4-methylpyridine, 2-(2,3,4-trifluorophenyl)- 
4-methylpyridine, 2-(2-naphthyl)pyridine, 2-phenylquin- 
oline, 2-benzoylpyridine, 7,8-benzoquinoline, 9-anthra- 

40 nylpyridine, 2-(2-fluorenyl)pyridine, 2-(2-(9,1 0-dime- 
thyl)fluorenyl)pyridine, 2-(2-(9,1 0-dihexyl)-fluorenyl)py- 
ridine and 2-(2-(9,10-dioctyl)fluorenyl)-pyridine. 
[0045] In such a polymeric phosphorescent agent, a 
peak wavelength of phosphorescence falls within a 

45 range of 440 to 700 nm. 

[0046] Here, as an organic electroluminescence de- 
vice, is preferably used that whose luminescence wave- 
length falls within the range of 440 to 700 nm which is 
the same range as that of the phosphorescence peak 

50 wavelength of the polymeric phosphorescent agent ac- 
cording to the present invention. 
[0047] The polymeric phosphorescent agent accord- 
ing to the present invention is produced by mixing a pol- 
ymer compound (hereinafter also referred to as "precur- 

55 sor polymer") composed of a polymer having a structural 
unit represented by the general formula (2) in its mole- 
cule with a metal complex (hereinafter also referred to 
as "precursor metal complex") of a metal atom M (M is 
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a metal atom having a valence of 2 to 4) in an organic 
solvent under an inert gas atmosphere and then sub- 
jecting the resultant mixture to a reaction under heat in 
a temperature range of 50 to 300°C for 1 to 1 2 hours. 
[0048] Mixing proportions of the precursor polymer 
and the metal complex are such that the proportion of 
the metal complex is 0. 1 to 1 00 parts by weight per 1 00 
parts by weight of the precursor polymer. 
[0049] If the mixing proportion of the metal complex 
to the precursor polymer is lower than 0.1 parts by 
weight, the reaction efficiency is lowered. On the other 
hand, if the mixing proportion of the metal complex to 
the precursor polymer exceeds 1 00 parts by weight, the 
homogeneity of the resulting polymeric phosphorescent 
agent is deteriorated. 

[0050] The reaction under heat is conducted in such 
a manner that the concentration of the reactive com- 
pound used in the reaction in a solution of the reaction 
system amounts to 1 to 50% by weight in terms of solids. 
[0051] If the concentration of the reactive compound 
is lower than 1 % by weight, the reaction efficiency is 
lowered. On the other hand, if the concentration of the 
reactive compound exceeds 50 % by weight, the reac- 
tive compound is liable to be deposited. It is hence not 
preferable to conduct the reaction at such a too low or 
high concentration. 

[0052] By this reaction, the metal atom of the precur- 
sor metal complex is coordinated with the nitrogen atom 
in the pyridine ring in the structural unit of the general 
formula (2), and at the same time, the hydrogen atom 
located at the ortho-position on the phenyl group to the 
bonding site with the pyridine ring is left to bond the car- 
bon atom related to said hydrogen atom on the phenyl 
group to the metal atom, thereby forming the structural 
unit of the general formula (1). 

[0053] In the reaction system for obtaining the struc- 
tural unit of the general formula (1), nitrogen, argon or 
the like is used as the inert gas, and an organic com- 
pound having a boiling point of 50 to 300°C under at- 
mospheric pressure is used as the organic solvent. 
[0054] As specific examples of the organic solvent, 
may be mentioned alcohols such as butanol; octanol, 
ethylene glycol, propylene glycol, ethylene glycol mon- 
omethyl ether, propylene glycol monomethyl ether, eth- 
ylene glycol monoethyl ether, propylene glycol monoe- 
thyl ether, ethylene glycol monobutyl ether and propyl- 
ene glycol monobutyl ether, aromatic hydrocarbons 
such as toluene, xylene and mesitylene, esters such as 
ethyl acetate, butyl acetate, ethoxypropylene glycol ac- 
etate and y-butyrolactone, amides such as N-methylpyr- 
rolidone, formamide, dimethylformamide and dimethyl- 
acetamide, ethers such as ethylene glycol dimethyl 
ether, diethylene glycol dimethyl ether, tetrahydrofuran 
and 1 ,4-dioxane, and ketones such as cyclohexanone, 
methyl amyl ketone and methyl isobutyl ketone. 
[0055] The organic solvent is suitably selected from 
among the above-mentioned solvents on the basis of 
the solubility of the polymer. However, the aromatic hy- 



drocarbons, amides, ethers and ketones are preferably 
used. 

[0056] The precursor polymer is a precursor of the 
polymeric phosphorescent agent having the structural 

5 unit of the general formula (1), or a polymeric ligand 
which will become the polymeric phosphorescent agent 
by the reaction with the metal complex. 
[0057] The precursor polymer can be produced in ac- 
cordance with the publicly known production process of 

10 diaryl and polyarylene. However, a production process 
high in yield and purity of a product is preferably used. 
More specifically, a process, in which a pyridine deriva- 
tive having 2 leaving groups, such as a dihalide. dimeth- 
anesulfonate, di-trifluoromethanesulfonate, diacetate, 

15 diborate or distannane of a pyridine derivative is con- 
densed in the presence of a transition metal catalyst 
such as Ni, Pd or Pt and an organic solvent, adding a 
reducing agent, alkali metal iodide or triarylphosphine 
as needed, is preferably used. 

20 [0058] In the process of condensing the pyridine de- 
rivative having 2 leaving groups, a copolymer containing 
both structural unit of the general formula (2) and 
arylene group can be produced by causing a copolym- 
erizable monomer component composed of another ar- 

25 omatic compound than the pyridine derivative to coexist 
together with the pyridine derivative. The copolymer ob- 
tained in such a manner may also be used as a precur- 
sor polymerfor the polymeric phosphorescent agent ac- 
cording to the present invention. 

30 [0059] As examples of the copolymerizable monomer 
component, may be mentioned dihalides, dimeth- 
anesulfonates, ditrifluoromethanesulfonates, diace- 
tates, diborates and distannanes of arylene derivatives 
such as phenylene, biphenylene, fluorene, bisphenyle- 

35 neoxadiazole and bisphenylenealkylcarbazole. 

[0060] These processes can be performed in accord- 
ance with the production process of a polyfluorene de- 
rivative described in Q. Pei, Y. Yang, J. Am. Chem. Soc, 
Vol. 118, p. 7416, 1996, R. Maxime, R. Dany, L. Mario, 

40 Macromolecules, Vol. 30, p. 7686, 1997, etc. 

[0061] In the process described above, the low-mo- 
lecular compound having 2 leaving groups is used as a 
starting material. However, for example, a high-molec- 
ular weight compound obtained by polymerizing a low- 

45 molecular compound having 2 leaving groups in ad- 
vance, or a block polymer obtained by bonding at least 
2 kinds of high-molecular weight compounds may also 
be used as a starting material. 

[0062] As the precursor metal complex, is used a low- 
50 molecular metal complex having a metal atom selected 
from Pd, Pt, Rh, Ir, Ru, Os and Re as a central metal. A 
low-molecular metal complex the central metal of which 
is Ir, Os or Pt is preferably used. 

[0063] As such metal complexes, may be mentioned 
55 mononuclear complexes represented by the general 
formula (3). 

[0064] In the general formula (3), M is a metal atom 
having a valence of 2 to 4. Specifically, M is selected 
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from Pd, Pt, Rh, Ir, Ru : Os and Re. 
[0065] L is an organic ligand similar to the general for- 
mula (1) and selected from organic compounds having 
coordination property to the metal atom M. 
[0066] Q is a ligand, the whole or part of which is left 
by the reaction with the precursor polymer. Specifically, 
Q is selected from monovalent or still higher ligands 
such as halogen atoms, a hydrogen atom, alkoxide 
groups, alky I groups, an acetylacetonate group and a 
carbonyl group. 

[0067] x is an integer of 1 to 4, and each of y and z is, 
independently, an integer of 0 to 8. 
[0068] The luminescent composition according to the 
present invention is a composition comprising the poly- 
meric phosphorescent agent described above, a hole- 
transporting polymer and an organic solvent and is suit- 
able for use in an organic electroluminescence device. 
[0069] As the hole-transporting polymer, may be pref- 
erably used a copolymer of N-vinylcarbazole and a vi- 
nyl-substituted 1-oxa-3,4-diazole compound. 
[0070] As the organic solvent, may be used an organ- 
ic solvent usable in the production of the polymeric 
phosphorescent agent according to the present inven- 
tion. 

[0071] As preferable examples of the organic solvent 
making up the luminescent composition according to the 
present invention, may be mentioned ethyl lactate, pro- 
pylene glycol monomethyl ether, propylene glycol mon- 
omethyl acetate and cyclohexanone. 
[0072] The organic electroluminescence device that 
is a one of the applied product according to the present 
invention will hereinafter be described. 
[0073] Fig. 1 is a cross-sectional view illustrating the 
construction of the organic electroluminescence device 
according to the present invention. 
[0074] In this EL device, an anode layer 2 is provided 
on a transparent substrate 1 . A hole-transporting layer 

3 is provided on this anode layer 2. A copper phthalo- 
cyanine layer 4 is further provided on the hole-transport- 
ing layer 3. A'luminescentlayer5 is provided on the cop- 
per phthalocyanine layer 4, and an electron -injecting 
layer 6 is provided on the luminescent layer 5. Acathode 
layer 7 is provided on this electron-injecting layer 6. This 
cathode layer 7 is also called an electron-injecting elec- 
trode layer. The anode layer 2 and the cathode layer 7 
are connected to a DC power source 1 0. 

[0075] As the transparent substrate 1 , may be used a 
glass substrate, transparent resin substrate, quartz 
glass substrate or the like. 

[0076] The anode layer 2 is also called a hole- inject- 
ing electrode layer, and that composed of a material 
having a work function as high as, for example, at least 

4 eV is preferably used. In the present invention, the 
"work function" means the magnitude of minimum work 
required to take out an electron from a solid into a vac- 
uum. 

[0077] As the anode layer 2, may be used, for exam- 
ple, an ITO (indium tin oxide) film, tin oxide (Sn0 2 ) film, 



copper oxide (CuO) film or zinc oxide (ZnO) film. 
[0078] The hole-transporting layer 3, which is also 
called a hole-injecting layer is provided for the purpose 
of efficiently supplying a hole to the luminescent layer 5 
5 and adapted to receive the hole from the anode layer 2 
and transport it to the luminescent layer 5 through the 
copper phthalocyanine layer 4. 

[0079] As a material for forming the hole-transporting 
layer 3, may be used an aromatic polymer, preferably 
10 PEDOT (poly(3,4)-ethylenedioxythiophene-polysty- 
renesulfonate) Besides, 1 ,1-bis(4-di-p-aminophenyl)cy- 
clohexane, a triphenylamine derivative, carbazole de- 
rivative or the like may also be used as the hole-trans- 
porting layer 3. 

15 [0080] The copper phthalocyanine layer 4, i.e., a layer 
composed of CuPC is provided between the hole-trans- 
porting layer 3 and the luminescent layer 5, whereby an 
energy barrier between the hole-transporting layer 3 
and the luminescent layer 5 can be reduced. The injec- 

20 tion of the hole into the luminescent layer 5 can thereby 
be smoothly conducted, so that energy matching be- 
tween the hole-transporting layer 3 and the luminescent 
layer 5 can be easily taken. 

[0081] Accordingly, an organic EL device having such 
25 a copper phthalocyanine layer 4 comes to realize a long 
life and have high luminous efficiency and excellent du- 
rability. 

[0082] The luminescent layer 5 is a layer where an 
electron is bonded to a hole to emit the bonding energy 
30 thereof as light. As a material for forming this lumines- 
cent layer 5, may be used a material containing the pol- 
ymeric phosphorescent agent according to the present 
invention. 

[0083] Such a luminescent layer 5 can be formed by, 
35 for example, applying the luminescent composition ac- 
cording to the present invention to a surface of a sub- 
strate, on which the luminescent layer 5 should be 
formed, and subjecting the applied composition to a 
heating treatment. 
40 [0084] The electron- injecting layer 6 is a layer adapt- 
ed to receive an electron from the cathode layer 7 and 
transport it to the luminescent layer 5. 
[0085] As a material for forming the electron-injecting 
layer 6, is preferably used a bathophenanthroline mate- 
45 rial (BPCs). Besides, an anthraquinodimethane deriva- 
tive, diphenylquinone derivative, oxadiazole derivative, 
perylenetetracarboxylic acid derivative or the like may 
also be used. 

[0086] As the cathode layer 7. may be used that com- 
50 posed of a material having a work function as low as, 
for example, at most 4 eV. 

[0087] Specific examples of the material forming the 
cathode layer 7 include metal films composed of alumi- 
num, calcium, magnesium, lithium or indium and alloy 
55 films of these metals. 

[0088] In the organic EL device of such a structure, 
when direct current voltage is applied between the an- 
ode layer 2 and the cathode layer 7 by the DC power 
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source 10, the luminescent layer 5 emits light, and the 
light is radiated through the anode layer 2 and transpar- 
ent substrate 1 . 

[0089] In particular, since the copper phthalocyanine 
layer 4 is provided between the hole-transporting layer 
3 and the luminescent layer 5 in this organic EL device, 
the energy barrier between the hole-transporting layer 
3 and the luminescent layer 5 is reduced, so that injec- 
tion of a hole into the luminescent layer is smoothly con- 
ducted. Therefore, this organic EL device exhibits high 
luminous efficiency and excellent durability. 

BRIEF DESCRIPTION OF THE DRAWING 

[0090] Fig. 1 illustrates the construction of an organic 
electroluminescence device according to the present in- 
vention. 

[Description of Characters] 
[0091] 

1 Transparent substrate 

2 Anode layer 

3 Hole-transporting layer 

4 Copper phthalocyanine layer 

5 Luminescent layer 

6 Electron-injecting layer 

7 Cathode layer 

10 DC power source 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0092] The embodiments of the present invention will 
hereinafter be described. However, the present inven- 
tion is not limited thereby. 

Preparation Example 1 of Precursor Polymer> 

[0093] A flask purged with nitrogen was charged with 
9.86 g (18. 0 mmol) of 2 ! 7-dibromo-9,9-dioctylfluorene, 
0.47 g (2.0 mmol) of 2,5-dibromopyridine, 0.26 g (2.0 
mmol) of anhydrous nickel chloride, 3.14 g (12.0 mmol) 
of triphenylphosphine, 1 .50 g (1 0.0 mmol) of sodium io- 
dide, 9.16 g (140.0 mmol) of zinc powder and 50 ml of 
anhydrous N-methylpyrrolidone, and the mixture was 
heated and stirred at 85°C for 30 hours. After this reac- 
tion system was cooled, the resultant reaction mixture 
was poured into a methanol solution of hydrochloric acid 
to isolate a polymer as a precipitate. Thereafter, a chlo- 
roform solution of this polymer was obtained. The poly- 
mer thus formed was washed first with diluted hydro- 
chloric acidandthen with a dilute alkali solution, filtered, 
washed with a saturated aqueous solution of potassium 
carbonate, dried over anhydrous potassium carbonate 
and then filtered. Purified magnesium silicate powder 
(60-100 mesh, trade name "Furosi") was added to the 
resultant filtrate, and the mixture was filtered, concen- 



trated and then reprecipitated with methanol to conduct 
purification, thereby obtaining a copolymer of the pyrid- 
ine derivative condensed with the dioctylfluorene at 2- 
and 5-positions of the pyridine ring as 3.6 g of yellow 
5 powder. 

[0094] The weight average molecular weight of the 
copolymer thus obtained was determined by means of 
GPC and found to be 8,200. This copolymer is called 
"Precursor Polymer (1)". 

10 

Preparation Example 2 of Precursor Polymer> 

[0095] A flask purged with nitrogen was charged with 
9.86 g (18. 0 mmol) of 2 ! 7-dibromo-9,9-dioctylfluorene, 
15 0.47 g (2.0 mmol) of 2,6-dibromopyridine, 0.26 g (2.0 
mmol) of anhydrous nickel chloride, 3.14 g (12.0 mmol) 
of triphenylphosphine, 1 .50 g (1 0.0 mmol) of sodium io- 
dide, 9.16 g (140.0 mmol) of zinc powder and 50 ml of 
anhydrous N-methylpyrrolidone, and the mixture was 
20 heated and stirred at 85° C for 30 hours. After this reac- 
tion system was cooled, the resultant reaction mixture 
was poured into a methanol solution of hydrochloric acid 
to isolate a polymer as a precipitate. Thereafter, a chlo- 
roform solution of this polymer was obtained. The poly- 
ps mer thus formed was washed first with diluted hydro- 
chloric acid and then with a dilute alkali solution, filtered, 
washed with a saturated aqueous solution of potassium 
carbonate, dried over anhydrous potassium carbonate 
and then filtered. Purified magnesium silicate powder 
30 (60-100 mesh, trade name "Furosi") was added to the 
resultant filtrate, and the mixture was filtered, concen- 
trated and then reprecipitated with methanol to conduct 
purification, thereby obtaining a copolymer of the pyrid- 
ine derivative condensed with the dioctylfluorene at 2- 
35 and 6-positions of the pyridine ring as 4.5 g of yellow 
powder. 

[0096] The weight average molecular weight of the 
copolymer thus obtained was determined by means of 
GPC and found to be 12,000. This copolymer is called 
40 "Precursor Polymer (2)". 

Preparation Example 3 of Precursor Polymer> 

[0097] A flask purged with nitrogen was charged with 
45 1 o.1 4 g (1 8. 5 mmol) of 2 ! 7-dibromo-9,9-dioctylfluorene, 
0.1 4 g (0.9 mmol) of 2-bromopyridine, 0.26 g (2.0 mmol) 
of anhydrous nickel chloride, 3.14 g (12.0 mmol) of 
triphenylphosphine, 1.50 g (10.0 mmol) of sodium io- 
dide, 9.16 g (140.0 mmol) of zinc powder and 60 ml of 
50 anhydrous N-methylpyrrolidone, and the mixture was 
heated and stirred at 85° C for 30 hours. After this reac- 
tion system was cooled, the resultant reaction mixture 
was poured into a methanol solution of hydrochloric acid 
to isolate a polymer as a precipitate. Thereafter, a chlo- 
55 roform solution of this polymer was obtained. The poly- 
mer thus formed was washed first with diluted hydro- 
chloric acid and then with a dilute alkali solution, filtered, 
washed with a saturated aqueous solution of potassium 
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carbonate, dried over anhydrous potassium carbonate 
and then filtered. Purified magnesium silicate powder 
(60-100 mesh, trade name "Furosi") was added to the 
resultant filtrate, and the mixture was filtered, concen- 
trated and then reprecipitated with methanol to conduct 
purification, thereby obtaining a polymer composed of 
poly(dioctylfluorene) having a 2-pyridyl group at a ter- 
minal thereof as 5.2 g of pale yellow powder. 
[0098] The weight average molecular weight of the 
polymer thus obtained was determined by means of 
GPC and found to be 13,000. This polymer is called 
"Precursor Polymer (3)". 

Preparation Example 4 of Precursor Polymer> 

[0099] A flask purged with nitrogen was charged with 
5.98 g (20.0 mmol) of 2,6-bis(4-chlorophenyl)pyridine, 
0.26 g (2.0 mmol) of anhydrous nickel chloride, 3.14 g 
(12.0 mmol) of triphenylphosphine, 1 .50 g (10.0 mmol) 
of sodium iodide : 9.16 g (140.0 mmol) of zinc powder 
and 60 ml of anhydrous N-methylpyrrolidone, and the 
mixture was heated and stirred at 85°C for 30 hours. 
After this reaction system was cooled, the resultant re- 
action mixture was poured into a methanol solution of 
hydrochloric acid to isolate a polymer as a precipitate. 
Thereafter, a chloroform solution of this polymer was ob- 
tained. The polymer thus formed was washed first with 
diluted hydrochloric acid and then with a dilute alkali so- 
lution, filtered, washed with a saturated aqueous solu- 
tion of potassium carbonate, dried over anhydrous po- 
tassium carbonate and then filtered. Purified magnesi- 
um silicate powder (60-1 00 mesh, trade name "Furosi") 
was added to the resultant filtrate, and the mixture was 
filtered, concentrated andthen reprecipitated with meth- 
anol to conduct purification, thereby obtaining a polymer 
composed of polybiphenylenepyridine as 4.1 g of pale 
yellow powder. 

[0100] The weight average molecular weight of the 
polymer thus obtained was determined by means of 
GPC and found to be 11,000. This polymer is called 
"Precursor Polymer (4)". 

Preparation Example 5 of Precursor Polymer> 

[0101] A flask purged with nitrogen was charged with 
1 0.14 g (18. 5 mmol) of 2 ; 7-dibromo-9,9-dioctylfluorene, 
0.27 g (0.9 mmol) of 2,6-bis(4-chlorophenyl)pyridine, 
0.26 g (2.0 mmol) of anhydrous nickel chloride, 3.14 g 
(12.0 mmol) of triphenylphosphine, 1 .50 g (10.0 mmol) 
of sodium iodide. 9.16 g (140.0 mmol) of zinc powder 
and 60 ml of anhydrous N-methylpyrrolidone, and the 
mixture was heated and stirred at 85°C for 30 hours. 
After this reaction system was cooled, the resultant re- 
action mixture was poured into a methanol solution of 
hydrochloric acid to isolate a polymer as a precipitate. 
Thereafter, a chloroform solution of this polymer was ob- 
tained. The polymer thus formed was washed first with 
diluted hydrochloric acid and then with a dilute alkali so- 



lution, filtered, washed with a saturated aqueous solu- 
tion of potassium carbonate, dried over anhydrous po- 
tassium carbonate and then filtered. Purified magnesi- 
um silicate powder (60-1 00 mesh, trade name "Furosi") 

5 was added to the resultant filtrate, and the mixture was 
filtered, concentrated and then reprecipitated with meth- 
anol to conduct purification, thereby obtaining a copol- 
ymer of polybiphenylenepyridine and dioctylfluorene as 
5.0 g of pale yellow powder. 

10 [0102] The weight average molecular weight of the 
copolymer thus obtained was determined by means of 
GPC and found to be 9,000. This copolymer is called 
"Precursor Polymer (5)". 

15 Preparation Example 1 of Precursor Metal Complex> 

[0103] With 2.9 g (1 0 mmol) of iridium (III) chloride hy- 
drate were mixed 3.50 g (22.6 mmol) of phenylpyridine 
and 1 00 g of hydrous methoxyethanol, and the mixture 
20 was heated and stirred at 120°C for 10 hours under a 
nitrogen stream. The solution thus obtained was cooled, 
and crystals deposited were separated by filtration and 
vacuum-dried, thereby obtaining 5.41 g (5.1 mmol) of a 
chlorobis(2-phenylpyridine) iridium (III) dimmer. This 
25 metal complex is called 11 Precursor Metal Complex (1 )" . 

Preparation Example 2 of Precursor Metal Complex> 

[0104] To 1 .0 g (0.93 mmol) of the above-described 
30 chlorobis(2-phenylpyridine) iridium (III) dimmer were 
added 0.1 g (1 mmol) of acetylacetone and 1 0 g of meth- 
oxyethanol, and the mixture was heated and stirred at 
70°C for 1 0 hours under a nitrogen stream. The solution 
thus obtained was cooled, and crystals deposited were 
35 separated by filtration and vacuum-dried, thereby ob- 
taining 0.8 g (1 .4 mmol) of bis(2-phenylpyridine)acety- 
lacetonatoiridium (III). This metal complex is called 
"Precursor Metal Complex (2)". 

40 Preparation Example 3 of Precursor Metal Complex> 

[0105] To 1 .0 g (0.79 mmol) of a chlorobis(2-(2,4-dif- 
luoro)phenyl-4-methylpyridine) iridium (III) dimmerwere 
added 0.1 g(1 mmol) of acetylacetone and 10 g of meth- 
45 oxyethanol, and the mixture was heated and stirred at 
1 20°C for 1 0 hours under a nitrogen stream. The solu- 
tion thus obtained was cooled, and crystals deposited 
were separated by filtration and vacuum-dried, thereby 
obtaining 0.7 g (1 .0 mmol) of bis(2-(2,4-difluoro)phenyl- 
50 4-methylpyridine)acetylacetonatoiridium (III). This met- 
al complex is called "Precursor Metal Complex (3)". 

Preparation Example 4 of Precursor Metal Complex> 

55 [0106] To 1 .0 g (0.78 mmol) of a chlorobis(2-phenyl- 
quinoline) iridium (III) dimmer were added 0.1 g (1 
mmol) of acetylacetone and 10 g of methoxyethanol, 
and the mixture was heated and stirred at 1 20°C for 1 0 
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hours under a nitrogen stream. The solution thus ob- 
tained was cooled, and crystals deposited were sepa- 
rated by filtration and vacuum-dried, thereby obtaining 
0.7 g (1.0 mmol) of bis(2-phenylquinoline)acetylaceto- 
natoiridium (III). This metal complex is called "Precursor 
Metal Complex (4)". 

Preparation Example 1 of Polymeric Phosphorescent 
Agent> 

[0107] After a solution composed of 2.0 g of Precursor 
Polymer (1). 0.15 g of Precursor Metal Complex (1) and 
50 ml of tetrahydrofuran was refluxed for 6 hours under 
a nitrogen stream, cooling, reprecipitation with methanol 
and purification were conducted, thereby obtaining a 
polymeric phosphorescent agent wherein R 1 and R 2 in 
the general formula (1) are both hydrogen atoms, M is 
Ir, p is 2, and L is ortho-metallation-coordinated phe- 
nylpyridine. This polymeric phosphorescent agent is 
called "Polymeric Phosphorescent Agent (1)". 
[0108] A chloroform solution of Polymeric Phospho- 
rescent Agent (1) thus obtained exhibited a phospho- 
rescence spectrum of green. 

Preparation Example 2 of Polymeric Phosphorescent 
Agent> 

[0109] After a solution composed of 2.0 g of Precursor 
Polymer (2). 0.15 g of Precursor Metal Complex (2) and 
50 ml of tetrahydrofuran was refluxed for 6 hours under 
a nitrogen stream, cooling, reprecipitation with methanol 
and purification were conducted, thereby obtaining a 
polymeric phosphorescent agent wherein R 1 and R 2 in 
the general formula (1) are both hydrogen atoms, M is 
Ir, p is 2, and L is ortho-metallation-coordinated phe- 
nylpyridine. This polymeric phosphorescent agent is 
called "Polymeric Phosphorescent Agent (2)". 
[0110] A chloroform solution of Polymeric Phospho- 
rescent Agent (2) thus obtained exhibited a phospho- 
rescence spectrum of green. 

Preparation Example 3 of Polymeric Phosphorescent 
Agent > 

[0111] After a solution composed of 2.0 g of Precursor 
Polymer (3). 0.15 g of Precursor Metal Complex (3) and 
50 ml of tetrahydrofuran was refluxed for 6 hours under 
a nitrogen stream, cooling, reprecipitation with methanol 
and purification were conducted, thereby obtaining a 
polymeric phosphorescent agent wherein R 1 and R 2 in 
the general formula (1) are both hydrogen atoms, M is 
Ir, p is2, and L is ortho-metallation-coordinated 2-(2 ; 4-di- 
fluoro)phenyl-4-methylpyridine. This polymeric phos- 
phorescent agent is called "Polymeric Phosphorescent 
Agent (3)". 

[0112] A chloroform solution of Polymeric Phospho- 
rescent Agent (3) thus obtained exhibited a phospho- 
rescence spectrum of blue. 



Preparation Example 4 of Polymeric Phosphorescent 
Agent > 

[0113] After a solution composed of 2.0 g of Precursor 
5 Polymer (4). 0.15 g of Precursor Metal Complex (4) and 
50 ml of tetrahydrofuran was refluxed for 6 hours under 
a nitrogen stream, cooling, reprecipitation with methanol 
and purification were conducted, thereby obtaining a 
polymeric phosphorescent agent wherein R 1 and R 2 in 
10 the general formula (1) are both hydrogen atoms, M is 
Ir, p is 2, and L is ortho-metallation-coordinated 2-phe- 
nylquinoline. This polymeric phosphorescent agent is 
called "Polymeric Phosphorescent Agent (4)". 
[0114] A chloroform solution of Polymeric Phospho- 
rs rescent Agent (4) thus obtained exhibited a phospho- 
rescence spectrum of red. 

Preparation Examples of Polymeric Phosphorescent 
Agent > 

20 

[0115] After a solution composed of 2.0 g of Precursor 
Polymer (5). 0.15 g of Precursor Metal Complex (4) and 
50 ml of tetrahydrofuran was refluxed for 6 hours under 
a nitrogen stream, cooling, reprecipitation with methanol 

25 and purification were conducted, thereby obtaining a 
polymeric phosphorescent agent wherein R 1 and R 2 in 
the general formula (1) are both hydrogen atoms, M is 
Ir, p is 2, and L is ortho-metallation-coordinated 2-phe- 
nylquinoline. This polymeric phosphorescent agent is 

30 called "Polymeric Phosphorescent Agent (5)". 

[0116] A chloroform solution of Polymeric Phospho- 
rescent Agent (5) thus obtained exhibited a phospho- 
rescence spectrum of red. 

[0117] A production process of an organic electrolu- 
35 minescence device making use of each of Polymeric 
Phosphorescent Agent (1) to Polymeric Phosphores- 
cent Agent (5) thus obtained as a luminescent material 
and evaluation results will hereinafter be described. 

40 Production Example of Organic Electroluminescence 
Device> 

[01 18] A solution composed of 1 6.4 g (85 mmol) of N- 
vinylcarbazole, 4.86 g (15 mmol) of 2-biphenyl-5(p-vi- 

45 nylphenyl)-1-oxa-3,4-diazole, 0.033 g (0.2 mmol) of 
2,2'-azobisisobutyronitrile and 63.8 g of dimethylforma- 
mide was first prepared. This solution was heated and 
stirred at 70° C for 12 hours under a nitrogen atmos- 
phere, thereby conducting polymerization. The resultant 

50 reaction solution was poured into methanol to solidify 
and vacuum-dry a reaction product, thereby isolating a 
copolymer (hereinafter referred to as "Polymer (A)"). 
The weight average molecular weight of this Polymer 
(A) was determined by means of GPC and found to be 

55 30,000. 

[0119] With 100 parts by weight of Polymer (A) thus 
obtained were mixed 1 0 parts by weight of each of Pol- 
ymeric Phosphorescent Agent (1) to Polymeric Phos- 
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phorescent Agent (5), and cyclohexanone was added 
to this mixture system to form a solution, thereby pre- 
paring Luminescent Composition (A-1) to Luminescent 
Composition (A-5) each having a luminescent material 
concentration of 5 % by weight. 
[0120] For the sake of comparison, 10 parts by weight 
of Precursor Polymer (1) were mixed with 100 parts by 
weight of Polymer (A), and cyclohexanone was added 
to this mixture system to form a solution, thereby pre- 
paring a composition having a precursor polymer con- 
centration of 5 % by weight. This composition is called 
"Composition B-1". 

[0121] A 5 % by weight solution of PEDT (trade name: 
"Bayer P8000" (product of Bayer Yakuhin, Ltd.)) was 
then applied on to a 5-cm square glass substrate, on the 
surface of which an ITO film had been formed. The glass 
substrate, to which this solution had been applied, was 
heated at 150°Cfor30 minutes, and copper phthalocy- 
anine was further vapor-deposited on this glass sub- 
strate. 

[0122] Each of Luminescent Composition (A-1 ) to Lu- 
minescent Composition (A-5) and Composition (B-1) 
was applied on to the glass substrate, on which copper 
phthalocyanine had been vapor-deposited, by means of 
a spin coater. After the application, the applied compo- 
sition was heated to 120°C over 10 minutes, thereby 
forming a luminescent layer. 

[0123] Bathophenanthroline and Cs were vapor-de- 
posited on the thus-formed luminescent layer so as to 
give a molar ratio of 1 :3, thereby forming an electron- 
injecting layer. An aluminum electrode as a cathode was 
further laminated by 100 nm on the electron-injecting 
layer. Thereafter, sealing was conducted with glass, 
thereby completing Organic EL Device (1) to Organic 
EL Device (5) and Comparative Device (1). 
[0124] Organic EL Device (1 ) is an organic EL device 
equipped with a luminescent layer composed of Lumi- 
nescent Composition (A-1 ), Organic EL Device (2) is an 
organic EL device equipped with a luminescent layer 
composed of Luminescent Composition (A-2), Organic 
EL Device (3) is an organic EL device equipped with a 
luminescent layer composed of Luminescent Composi- 
tion (A-3), Organic EL Device (4) is an organic EL device 
equipped with a luminescent layer composed of Lumi- 
nescent Composition (A-4), Organic EL Device (5) is an 
organic EL device equipped with a luminescent layer 
composed of Luminescent Composition (A-5), and 
Comparative Device (1) is an EL device equipped with 
a luminescent layer composed of Composition (B-1). 
[0125] Direct current voltage of 7V was applied to 
each of Organic EL Devices (1) to (5) and Comparative 
Device (1 ) produced in such a manner by using the ITO 
film as an anode and the aluminum film as a cathode, 
thereby emitting light to evaluate it as to luminescence 
color and luminance. 

[0126] As a result, Organic EL Device (1) and Organic 
EL Device (2) exhibited electroluminescence of green, 
Organic EL Device (3) exhibited electroluminescence of 



blue, Organic EL Device (4) exhibited electrolumines- 
cence of red, and Organic EL Device (5) exhibited elec- 
troluminescence of red, and the luminance was 100 to 
500 cd/m 2 . 

5 [0127] On the other hand, Comparative Device (^ex- 
hibited weak blue at a luminance of 50 cd/m 2 or lower. 

EFFECTS OF THE INVENTION 

10 [0128] According to the polymeric phosphorescent 
agent of the present invention, a luminescent layer can 
be easily formed by a wet method such as an ink-jet 
method, and organic electroluminescence devices hav- 
ing high luminance can be provided. When such a pol- 
15 ymeric phosphorescent agent is used to form a lumines- 
cent layer of an organic electroluminescence device by 
a wet method, good coating property and excellent lu- 
minance are achieved, and luminescence of a wide 
range from red to blue can be achieved. 
20 [0129] According to the polymeric phosphorescent 
agent of the present invention, a polymeric phosphores- 
cent agent, by which a luminescent layer can be easily 
formed by a wet method such as an ink-jet method, and 
an organic electroluminescence device having high lu- 
25 minance can be provided, can be produced. 

[0130] The luminescent composition according to the 
present invention can provide an organic electrolumi- 
nescence device high in both luminance and luminous 
efficiency because it contains the polymeric phospho- 
30 rescent agent described above. 

[0131] According to the organic electroluminescence 
device, which is an applied product of the present inven- 
tion, excellent luminance and luminous efficiency can 
be achieved because it has a luminescent layer com- 
35 posed of a material containing the polymeric phospho- 
rescent agent described above. 



Claims 

1. A polymeric phosphorescent agent comprising a 
structural unit represented by the following general 
formula (1): 
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wherein M is a metal atom having a valence of 2 to 
4, each of R 1 and R 2 is, independently, a monova- 
lent substituent selected from a hydrogen atom, hal- 
ogen atoms, alkyl groups and aryl groups, L is an 
organic ligand, each of m and n is, independently, 5 
an integer of 1 to 3. and p is an integer of 1 to 4, in 
its molecule and having a molecular weight of at 
least 500. 

2. The polymeric phosphorescent agent according to 10 
claim 1 , wherein the molecularweight thereof is 500 

to 50,000. 

3. The polymeric phosphorescent agent according to 
claim 1 or 2, wherein M indicating the metal atom in is 
the general formula (1) is a metal atom selected 
from the group consisting of Pd, Pt, Rh, Ir, Ru, Os 
and Re. 

4. A process for producing the polymeric phosphores- 20 
cent agent according to any one of claims 1 to 3, 
which comprises reacting a polymer having a struc- 
tural unit represented by the following general for- 
mula (2): 

25 

General formula (2) 



(R 1 )™ (R 2 ) n 




integer of 0 to 8. 

6. The production process of the polymeric phospho- 
rescent agent according to claim 4 or 5, wherein the 
polymer having the structural unit represented by 
the general formula (2) in its molecule is obtained 
by condensation of a pyridine derivative having 2 
leaving groups in the presence of a transition metal 
catalyst and an organic solvent. 

7. A luminescent composition comprising the polymer- 
ic phosphorescent agent according to any one of 
claims 1 to 3, a hole-transporting polymer and an 
organic solvent. 

8. The luminescent composition according to claim 7. 
wherein the hole-transporting polymer is a copoly- 
mer of N-vinylcarbazole and a vinyl-substituted 
1 -oxa-3,4-diazole compound. 

9. The luminescent composition according to claim 7 
or 8. which is suitable for use in an organic electro- 
luminescence device. 

1 0. An organic electroluminescence device comprising 
at least an anode layer, a luminescent layer ob- 
tained from a material containing the polymeric 
phosphorescent agent according to any one of 
claims 1 to 3 and a cathode layer. 

1 1 . The organic electroluminescence device according 
to claim 10, which is obtained by laminating the an- 
ode layer, a hole-transporting layer, a copper 
phthalocyanine layer and the luminescent layer in 
this order. 



wherein each of R 1 and R 2 is, independently, a 
monovalent substituent selected from a hydrogen 
atom, halogen atoms, alkyl groups and aryl groups, 
and each of m and n is, independently, an integer 40 
of 1 to 3, in its molecule with a metal complex. 

5. The production process of the polymeric phospho- 
rescent agent according to claim 4, wherein the 
metal complex is a mononuclear complex repre- 45 
sented by the following general formula (3): 

General formula (3) 
M x (L) y (Q) z 



1 2. The organic electroluminescence device according 
to claim 10 or 11, which has a luminescent layer 
composed of the luminescent composition accord- 
ing to claim 7 or 8. 

13. An organic electroluminescence device obtained 
through a step of forming a luminescent layer by ap- 
plying the luminescent composition according to 
claim 7 or 8 to a surface of a substrate, on which 
the luminescent layer should be formed, and sub- 
jecting the applied composition to a heating treat- 
ment. 



wherein M is a metal atom having a valence of 2 to 
4, L is an organic ligand, Q is a ligand, the whole or 
part of wh ich is left by the reaction with the polymer 55 
containing the structural unit represented by the 
general formula (2) in its molecule, x is an integer 
of 1 to 4, and each of y and z is, independently, an 
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